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Background. After 2 decades of focused efforts to eradicate polio, the impact of eradication activities on health
systems continues to be controversial. This study evaluated the impact of polio eradication activities on routine im-
munization (RI) and primary healthcare (PHC).
Methods. Quantitative analysis assessed the effects of polio eradication campaigns on RI and maternal healthcare
coverage. A systematic qualitative analysis in 7 countries in South Asia and sub-Saharan Africa assessed impacts of
polio eradication activities on key health system functions, using data from interviews, participant observation, and
document review.
Results. Our quantitative analysis did not find compelling evidence of widespread and significant effects of polio
eradication campaigns, either positive or negative, on measures of RI and maternal healthcare. Our qualitative analysis
revealed context-specific positive impacts of polio eradication activities in many of our case studies, particularly disease
surveillance and cold chain strengthening. These impacts were dependent on the initiative of policy makers. Negative
impacts, including service interruption and public dissatisfaction, were observed primarily in districts with many cam-
paigns per year.
Conclusions. Polio eradication activities can provide support for RI and PHC, but many opportunities to do so
remain missed. Increased commitment to scaling up best practices could lead to significant positive impacts.
Keywords. poliomyelitis; eradication; routine immunization; health systems.
The goal of polio eradication has mobilized an exten-
sive effort involving most of the world’s countries: over
the last 20 years, mass polio vaccination campaigns
have delivered around 20 billion doses of polio vaccine
to children across the globe and have succeeded in in-
terrupting transmission in all but 3 countries. Polio
eradication gained international support in the late
1980s in part because of the argument that eradication
activities could mobilize support and resources for
routine immunization (RI) and primary healthcare
(PHC) [1–5]. But whether the effects of polio eradica-
tion campaigns—and their attendant planning, moni-
toring, and surveillance activities—on health systems
have proved positive or negative has been debated ever
since [6–8].
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Small-scale studies of the effect of polio eradication activities
on RI and PHC have provided equivocal or mixed results [9–12].
A large-scale study in the 1980s found a positive effect of po-
lio eradication activities on health systems in the Americas, but
health infrastructure in most of these countries was already
strong relative to that in developing countries in Asia and Africa
[13]. Studies in Egypt, the Philippines, and the World Health Or-
ganization’s (WHO’s) Western Pacific Region in the mid-1990s
showed that the initial implementation of polio eradication activi-
ties had positive effects on immunization more generally [14–16].
A study in Tanzania, Nepal, and the Lao People’s Democratic
Republic (PDR) performed in the late 1990s showed that polio
eradication activities had a mix of effects that varied depending
on context, with the most short-term benefits occurring in coun-
tries such as Lao PDR, where existing health services were at the
time extremely limited [17–19]. Another study, in India, found
positive effects in a number of arenas but noted some negative
impacts due to disruption of normal activities caused by the
campaigns [17, 19]. These studies showed that the relationship
between polio eradication activities and other health services was
highly context dependent. A systematic analysis to determine
where and when polio eradication activities have positively and
negatively impacted RI and PHC was needed.
This study quantitatively evaluated the effects of (1) the
initial scale-up of polio eradication activities and (2) the
number of polio vaccination campaigns per year on measures
of RI and PHC. The study also qualitatively examined potential
mediators of these relationships in 8 district-level case studies
in 7 countries in Africa and South Asia. Our hypotheses are
summarized in Figure 1.
METHODS
We used a combination of qualitative and quantitative methods
to examine the relationship between polio eradication activities,
RI, and PHC. This research was approved by the Middlebury
College Institutional Review Board. Informed consent was ob-
tained from all participants. A detailed description of our
methods is available in an open-access article [20], and the full
qualitative protocol is accessible online (available at: http://sites.
middlebury.edu/polio_eradication_impacts_study/qualitative-
research-guide/).
Quantitative Analysis
In a global cross-national time series analysis, we evaluated (1) a
hypothesized “scale-up” effect of polio immunization cam-
paigns involving an initial benefit to RI and PHC and (2) the
impact of campaign intensity, or number of campaigns. The
Supplementary Materials contain further technical details
about the global analysis and information on 4 country-specific
analyses.
Our analyses used multiple regression to examine the degree
to which polio eradication campaigns explain observed rates of
change in diphtheria-tetanus-pertussis (DTP3) vaccination and
attended birth coverage. The 3 dependent variables were DTP3
vaccine coverage estimates from the WHO and UNICEF (United
Nations Children’s Fund), from 1990–2010; DTP3 vaccine cover-
age estimates from the Institute for Health Metrics and Evaluation
(IHME), from 1995–2006 [21–24]; and attended birth coverage
from the World Bank’s World Development Indicators, from
1996–2010 [25]. We operationalized campaign intensity, our
Figure 1. Study hypotheses. Abbreviations: PHC, primary healthcare; RI, routine immunization.
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independent variable, in 2 ways: the number of polio eradica-
tion campaigns per year, and the cumulative percentage of the
under-five population targeted by polio eradication campaigns
in a given year. The regressions controlled for (1) the initial
levels of the dependent variable; (2) political instability, regime
type, and wealth and education levels [26–28]; (3) other health
financing [29, 30]; and (4) the number of nonpolio health cam-
paigns.
By use of R [31], models were fit with each of the 3 different
dependent variables to examine the effect of each of the 2 dif-
ferent measures of campaign intensity. For each of these
models, we proceeded by first fitting a parsimonious baseline
model, using step-down regression, to explain country-wise
variability in the dependent variable in terms of the control
variables. Then, the resulting baseline model was augmented
with one of the measures of campaign intensity to evaluate its
additional explanatory power. We used the resulting full model
to evaluate the magnitude and direction of the partial effect of
polio eradication activities.
Qualitative Case Studies
Our qualitative work was performed in 8 districts evenly
divided between South Asia and sub-Saharan Africa (Figure 2).
Six-week case studies provided an in-depth understanding of
the relationship between polio eradication, RI, and PHC within
the focal district, not the entire country. Case study districts
were purposively selected on the basis of specific guidelines
described in our published protocol. Our case studies are
drawn from regions with ongoing polio eradication activities
and do not represent the current or historical experience of
regions of the world (such as the Americas or Southeast Asia)
where polio was eliminated relatively quickly.
To ensure that we collected comparable information in each
site, we followed a standardized protocol involving a compre-
hensive document review; semistructured interviews with ap-
proximately 50 respondents, including community members,
ground-level staff, and district and national leadership; and
participant observation in polio eradication, RI, and PHC activ-
ities. While the protocol included national-level interviews and
document review, we focused on evaluating impacts at the dis-
trict level. The Qualitative Research Guide contains a full
description of our qualitative methods [29].We coded all docu-
ments, interview transcripts, and field notes, using the qualita-
tive analysis program NVivo [32], and compared key variables
across the case studies.
A Note on PHC
While we endorse the broad definition of PHC framed at
Alma-Ata, we used maternal health indicators as a proxy for
PHC in our quantitative work because there exist few other rea-
sonably reliable and comparable indicators of PHC across time
and space. In qualitative work, we defined PHC as the provision
of healthcare at the basic health unit level and below, including
services provided by community health workers. We also
Figure 2. Qualitative case studies.
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considered health education, nutrition, and water and sanita-
tion. We did not evaluate the impacts of polio eradication on
other vertical programs, such as measles campaigns.
RESULTS
Quantitative Findings
Impact of the Initiation of Polio Eradication Activities
The start of polio eradication efforts was associated with an in-
crease in DTP3 vaccine coverage, especially for countries that
had low initial values of DTP3 vaccine coverage. Similarly,
there was an increase in attended birth coverage (Figure 3).
However, these increases began prior to the onset of polio
eradication campaigns and were sustained for ∼10 years follow-
ing the onset of campaigns. This suggests that other factors, un-
accounted for in our suite of contextual variables, were also
driving DTP3 and attended birth coverage during this time.
Most countries in our analysis initiated polio eradication cam-
paigns around the same time (in approximately 1996). Thus,
any effects of widespread temporal trends, such as decentraliza-
tion initiatives or global policy shifts regarding RI, will also be
correlated with initiation of campaigns. We therefore cannot at-
tribute the changes shown here to initiation of polio eradication
campaigns.
Impact of Number of Campaigns Per Year
For models explaining DTP3 vaccine coverage as estimated by
the IHME and attended births (but not for DTP3 vaccine cov-
erage as estimated by the WHO), the best fitting models includ-
ed a measure of campaign intensity. However, while statistically
significant, campaign intensity explained a very small propor-
tion of the total variation in coverage. Most of the variation (as
measured by r2) was explained by the lagged dependent vari-
able alone.
Campaign intensity was associated with changes in DTP3
vaccine coverage (using the IHME but not the WHO/UNICEF
coverage estimates), but these changes were so small that they
are unlikely to be meaningful (Figure 4). While larger effects
were seen for attended births, they were still almost entirely
within the range of the 95% confidence interval. A lack of ob-
servations at high levels of campaign intensity (as illustrated by
the very wide confidence intervals in the right panel) compli-
cates interpretation of this analysis. Notably, polio campaign
intensity tends to be highest in areas with low levels of coverage
of RI and attended births, creating a persistent selection bias.
Overall, we consider the results of our quantitative analysis
inconclusive. To the degree that polio eradication campaigns
have an effect on outcomes in RI and maternal healthcare,
these effects are small relative to other factors and are inconsis-
tent from place to place.
Positive Impacts on RI and PHC in the Qualitative Case Studies
Across our case studies, polio eradication built impressive
global systems for service delivery and monitoring. With the
exception of supports to the cold chain, these systems were
usually parallel to RI and PHC delivery and monitoring
systems.
Although we observed positive impacts across our case
studies, polio eradication had the most beneficial effects overall
in case studies with health systems that were relatively strong.
The effects we observed in our study districts are highly context
specific and cannot be assumed to be the same dynamics at
play in a given country as a whole. The information presented
here is a highly condensed and simplified description of a
set of complex processes, and we urge readers to consult the
Figure 3. Association between the onset of polio eradication campaigns and diphtheria-tetanus-pertussis (DTP3) vaccine coverage from 2 different
sources, the World Health Organization (WHO; left side) and the Institute for Health Metrics and Evaluation (IHME; middle), and attended birth coverage,
from the World Bank’s World Development Indicators (right side). Each line depicts the predicted values from regression models fit to restricted cubic
splines in the presence of covariates. All additional covariates were set at median values. Lines indicate quintiles of initial values of coverage (at time 0),
showing that the change in coverage over time depends on the initial coverage.
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Supplementary Materials for more-detailed information. In the
following sections, we address each column of Figure 5 in turn.
Public Awareness of Health Services
Public awareness of vaccination and health services had in-
creased markedly in the past 15 years in many of our case
studies. Polio eradication activities made some contributions to
this increase in awareness but were not the only or primary
contributing factor in any case study.
In most case studies, polio’s social mobilization materials
focused solely on polio vaccination. Notable exceptions were
social mobilization surrounding Immunization Plus Days in
Kumbotso, Nigeria, and the integrated communication provided
under India’s 107 Block Plan (see Case 1). In Camucuio, Angola,
and Rubavu, Rwanda, respondents noted that polio campaigns
provided an opportunity for face-to-face communication about
RI and other health services.
Surveillance
The acute flaccid paralysis (AFP) surveillance systems in each
case study save Rwanda were largely managed by WHO staff at
the national level. Each of our case study countries also had a
government surveillance system (or >1, in most cases), which
ranged widely in quality.
When viewed across the case studies, the AFP surveillance
system was high quality. In Angola, Ethiopia, India, and Nepal,
the AFP system provided a base for additional disease surveil-
lance. However, despite some system overlap, many of the
surveillance protocols for AFP, including monitoring and re-
porting forms, remained separate. The Nepal system was
unusual in using a single form for surveillance of AFP along
with other diseases or conditions (see Case 2).
Outreach to Marginalized Populations
In most of our case studies, people working on polio eradica-
tion found, mapped, and repeatedly visited populations that
were previously unreached by other health services. The maps
and information created by polio eradication teams in the dis-
tricts we studied represent a likely unprecedented collection of
information on populations—including urban slum popula-
tions, pastoralists, and socially marginalized groups—most
marginalized from health services.
The extent to which this often detailed information was used
to provide other health services to these populations varied
widely across case studies. In Purba Champaran, Bihar, India,
residents of “high-risk” blocks were provided with a wide range
of health education and services in addition to polio vaccina-
tion (see Case 1). In the case of Kumbotso, Nigeria, integrated
campaigns provided additional health services to these popu-
lations, and in some other case studies, these populations
received vitamin A or other interventions during polio vaccina-
tion campaigns. Polio eradication’s extensive information on
and outreach to the world’s most underserved populations were
not routinely used to reach those populations outside of cam-
paigns in the majority of case studies.
Figure 4. Association between polio eradication campaign intensity and diphtheria-tetanus-pertussis vaccine coverage (data are from the Institute for
Health Metrics and Evaluation, IHME; left side) and on attended birth coverage (right side). Thick lines indicate different levels of initial coverage (first
quartile, median, and third quartile). Dotted lines represent 95% confidence intervals. Partial effects for both dependent variables were very similar for an
alternate measure of campaign intensity, percentage of population targeted (not shown). The very wide confidence intervals in the right panel for higher
initial values of coverage (dot-dash and solid lines) indicate a lack of observations at high levels of campaign intensity for countries. This selection bias
complicates interpretation of this analysis.
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Cold Chain
The cold chain was the only example of a system essential to
polio eradication that was truly integrated with other health
services. The same freezers were used for polio and other vac-
cines in all case studies, and portable vaccine carriers were
shared in many case studies, including Rautahat, Nepal, and
Camucuio, Angola.
Polio eradication funds provided key improvements to the
cold chain system. When polio eradication campaigns started
in the mid-1990s, they substantially strengthened the cold chain
in many areas. Polio funds have since been used for significant
cold chain upgrades, as well as ongoing repair and mainte-
nance, in many case studies. In all cases, these cold chain im-
provements also benefited RI. Also in all cases, polio was not
the sole contributor to cold chain creation or maintenance.
Worker Training
In all of our case studies, staff working on polio campaigns were
trained prior to each campaign. In part because polio campaigns
in Kumbotso, Nigeria, and Rubavu, Rwanda, also provide other
services to the public, training materials in these case studies
laid out clear plans to transfer additional knowledge and skills to
workers. Also, trainings for surveillance-related activities were
sometimes integrated with other trainings. However, in the ma-
jority of case studies, campaign trainings focused only on polio-
related information, missing opportunities to broaden worker
knowledge—and in some cases contributing to worker fatigue
through repetition.
Supervision
Across our case studies, polio received as much or more atten-
tion than any other health issue from high-level officials, in-
cluding visits to the district from health and political leaders at
national and regional levels. In some case studies, these officials
used this opportunity to bring attention to and to supervise
other health services. In most cases, however, these campaign-
related visits focused only on polio.
Intensity-Related Effects in Our Case Studies
There were several observable effects of the number of cam-
paigns per year, and most negative effects were seen in case
studies with frequent campaigns. Because all case studies with a
high number of campaigns had relatively weak provision of
other health services, the effects we describe here are the result
of a high intensity of campaigns interacting with weak health
systems.
Community Satisfaction
Overall satisfaction with health services across our case studies
was, perhaps not surprisingly, linked primarily to the quality of
those services, not to polio activities. In 4 case studies (Purba
Champaran, Bihar; SITE Town, Pakistan; Kumbotso, Nigeria;
and Camucuio, Angola), community members raised questions
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about why polio campaigns were so frequent. In 2, SITE Town
and Kumbotso, there was evidence that a perceived focus on
polio over other health services led to public dissatisfaction.
SITE Town and Kumbotso are in regions that harbor polio
transmission and have weak provision of other health services
(the regional DTP3 vaccine coverage was <50% in the last De-
mographic and Health Survey). The high level of commitment,
funding, and service provision in the case of polio, when com-
pared with poor provision of other services, was cause for
public complaint. Specifically, lack of medications at basic
health posts and lack of basic sanitation services were repeated-
ly contrasted with door-to-door administration of polio
vaccine. This dynamic also contributed to public distrust of
polio vaccination in these case studies.
Such sentiments were not observed in districts with 2 cam-
paigns per year, even in cases where provision of other services
was weak. While people might be dissatisfied with health ser-
vices in these areas, they did not link this dissatisfaction to
polio campaigns.
Worker Satisfaction and Motivation
In case studies with ≤4 campaigns per year, the effects of the
polio program on worker motivation were generally neutral or
slightly positive. In areas with many campaigns per year, polio
eradication had more complex and sometimes detrimental
effects on worker motivation. Fatigue due to repeated cam-
paigns was mentioned in all case studies with >4 campaigns per
year.
National Focus on Polio
International attention has focused on countries that still
harbor polio transmission. In India, Pakistan, and Nigeria,
there was evidence that this focus on polio diverted attention
from other health issues. In SITE Town and Kumbutso, priori-
tizing polio eradication was largely driven by international
pressure, rather than by the desires of communities, local
health staff, or district health leadership.
Worker Time Allocation
Government RI and PHC staff worked in all case studies as vac-
cinators and/or supervisors on polio campaigns. In addition,
across all case studies, the polio program has trained large
groups of staff from outside the health department, commonly
referred to as volunteers. The extent of time health and other
staff devoted to polio eradication, however, varied widely. In
some case studies, it consumed a significant amount of worker
time, as in Purba Champaran, Bihar, India, where many front-
line health workers devoted >70 days per year to polio cam-
paigns.
In all case studies, the WHO and UNICEF provided polio-
funded staff whose primary goal was to focus on polio eradica-
tion; these workers spent significant time outside of campaigns
on RI and PHC work. For example, in Nepal, 60 WHO staff
and 14 UNICEF staff (many of whom are funded by the polio
program) provide some support for RI and PHC activities.
However, this is far outweighed by the time spent by govern-
ment health workers on polio campaigns in our case studies. In
Nepal, >92 000 government workers contribute time to polio
eradication. Thus, we conclude that, across our case studies,
polio eradication reduced overall worker time available for RI
and PHC activities.
Service Interruption
Our 2 case studies in cities with consistent and ongoing polio
transmission—SITE Town, Pakistan, and Kumbotso, Nigeria—
showed evidence of the most significant campaign-related
service interruption. In these locations, services at some (al-
though not all) health posts were not provided during cam-
paigns.
DISCUSSION
Polio eradication’s surveillance, communications, and service
delivery systems were unmatched in terms of combining
quality with reach. In areas with few campaigns per year
and with dedicated national governments to build on these
systems—as in Rubavu, Rwanda, and South Omo, Ethiopia—
polio eradication delivered its most unambiguously positive
impacts. Our qualitative work did not examine impacts in parts
of the world, such as the Americas, where high levels of RI cov-
erage are the norm and polio campaigns are few. Others have
found that polio eradication activities in these areas had
broadly positive impacts [13, 14], findings consistent with the
patterns we observed.
Not coincidentally, SITE Town, Pakistan, and Kumbotso,
Nigeria, the case study districts with ongoing polio transmis-
sion, were also home to violent unrest, high levels of poverty,
tensions between minority populations and governments, and
underresourced health systems. Polio eradication did not create
the poor health services in these areas, and we found no com-
pelling evidence that polio eradication activities had widespread
negative effects on RI. However, it also did little to change the
situation. Community members and health staff were involved
in increasingly heavily supervised, well-funded, and repeated
polio eradication campaigns, even as basic services remained
underfunded and sometimes unprovided. The focus on polio
led to public and worker dissatisfaction, and RI remained weak.
In polio’s final strongholds—Afghanistan, Pakistan, and
Nigeria—community support, worker motivation, and high
levels of baseline RI coverage will be critical to secure eradica-
tion. It is in these places where polio eradication’s infrastructure
could most immediately and dramatically benefit RI and PHC.
In areas where few other health services are fully functioning,
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polio eradication has built robust and impressive systems for
surveillance, communications, and outreach.
These systems, built and maintained through often heroic
effort by individuals involved in polio eradication, could
provide strong support for other critical health services. Inspir-
ing best practices observed in our case studies—including the
examples in Cases 1 and 2 show that polio eradication can
make substantial contributions to health systems. AFP surveil-
lance can be expanded to include robust surveillance for other
diseases. Outreach to marginalized populations can provide
bed nets and oral rehydration solution. Communications mate-
rials can educate about vaccines and breast-feeding. Applying
the resolve and dedication that characterizes polio eradication
to a wider suite of services could provide communities with the
services they are demanding, give workers a fresh reason for en-
thusiasm, and increase baseline RI coverage. The eradication of
polio would probably not be far behind.
CASE 1: THE 107 BLOCK PLAN
India’s 107 Block Plan began in 2009 from the observation that
polio transmission in India was primarily focused in just 107
blocks or subdistricts. In these “high-risk” blocks, the program
focused on improving RI, increasing rates of breast-feeding,
lowering rates of diarrhea, and improving sanitation practices.
The 107 Block Plan included a wide variety of activities, from
filling vacant medical officer positions to improving polio cam-
paigns. In this section, we focus on one piece of the 107 Block
Plan: its extensive communications strategy.
As part of the 107 Block Plan, polio eradication’s communi-
cations increased attention to issues beyond polio vaccination
—in the words of one interviewee, it was “polio plus plus plus
plus.” Targeted messages included information about the bene-
fits, common side effects, and local availability of RI; the im-
portance of oral rehydration solution in cases of diarrhea;
instructions to exclusively breast-feed for 6 months; and to
wash hands with soap at specific times throughout the day.
Additional staff were hired to disseminate these messages: up
to 1500 community mobilizers were deployed in Bihar alone.
As a UNICEF official explained, the mobilizers “embraced” this
work, owing to excitement that, after years of the same polio
messaging, they could do more.
The potential to roll out programs similar to the 107 Block
Plan in other polio-endemic areas should be given serious con-
sideration. Still, those familiar with the program caution that its
success was dependent on a “very robust” polio program, as
well as on government support for programs like RI. For
example, in Bihar, the 107 Block Plan coincided with the
Muskaan program, which renewed interest in RI at the state
level. The 107 Block Plan did not increase RI coverage alone,
but rather, in the words of another interviewee, “amplified and
supported” other programs.
Still, it is probably not a coincidence that India saw its last
polio case within a few years of the inception of the 107 Block
Plan. Overall, it is an inspiring example of how polio eradica-
tion can spearhead a project that improves RI and PHC, with
positive impacts on the polio program, as well.
CASE 2: INTEGRATED DISEASE
SURVEILLANCE IN NEPAL
In 2003 and 2004, Nepal integrated measles, neonatal tetanus,
and Japanese encephalitis surveillance into the WHO-support-
ed AFP surveillance system designed to detect cases of polio.
Surveillance of these diseases, which prior to integration had
suffered from a lack of funding and poor reporting compliance,
improved markedly. Satisfaction with the system is now high at
national, regional, and local levels, and integration of vaccine-
preventable disease surveillance is seen as successful—one na-
tional official described it as “the only surveillance working.”
The high quality of the surveillance program was attributed
to WHO support and oversight. A network of 15 WHO sur-
veillance medical officers, trained in RI management, as well as
in surveillance, support the program. In our study district, gov-
ernment health workers reported a good relationship with the
WHO officers and satisfaction with the system.
The vaccine-preventable disease surveillance system in Nepal
was the most broad and integrated AFP-based surveillance
system in our case studies. It uses integrated reporting forms
and the same staff for surveillance of 4 diseases or conditions.
This streamlined process avoids the duplication of effort that
characterized less integrated surveillance systems in our case
studies. It demonstrates that commitment to building a strong
surveillance system on the polio framework can yield powerful
results.
Despite the desires of many in the government and the
WHO, the Nepal government had not yet assumed full respon-
sibility for the integrated surveillance system. Many respon-
dents viewed the system as a WHO responsibility and expected
that the program would be terminated if and when WHO
funding and support end. Thus, the sustainability of the sur-
veillance system is at risk. One national-level respondent said,
“There is a good chance when polio funds stop, the surveillance
system won’t go on any longer.”
Nepal’s integrated surveillance system demonstrates that,
with committed leadership, polio surveillance can create health
system benefits. It is a model worth replicating in areas where
other disease surveillance remains weak and the AFP surveil-
lance system is strong. Nevertheless, the purview of Nepal’s in-
tegrated surveillance system is limited, and its sustainability is
in question. There is a need for international institutional
support for consolidating and expanding AFP surveillance
systems to provide long-term health system gains—and for
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continued collaboration with governments to transition these
systems into capable local hands.
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